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(54) CnOCOB l43rOTOBnEHl4^ rO<PPHPO- 
BAHHOrO CTAJlbHOrO H/IACTblP^I 
(57)CyiM«ocTb vi3o6peTeHi4^^: TepMoo6p86oTKy 
nnacTupD TOKaMw BWcoKofi^ mactotu ocyiMecT- 
8/iRK)T nociie ro4>pMpoBaHi/i«. a cMaaoMMUM 
c/ioft HaHOC«T noBTOpHO nocne ox/ia>KAC«w«. 
npeA/^araeMWi^ cnoco5 noaBO/ineT aa c^er no- 
BMUieMWH nnacTviMMbJx CBOt^Cre Meran/ia na- 
flexHO o6ecneswTb repMeTnaauwK) 
peMOHTiipyeMOro y^acTKa cKoasicMwti. 1 ladii. 



MaoepereMvte othocwtcp k o6pa5oTice Me* 
ra/ina A^o^^w^eM, a MacTHOCTrt k TexHo/iorwM 
MsroTOBfteHUJi fo4>pMpOBOHHux Tpy5. 

OcHOBMWMW on«pauvi«Mvi e xexHonorMse- 

CKOM npOUeCCe WSrOTOBneHWJl TOHKOCTCHHt^X 

ro<t)PMpOBaMHwx Tpy6 $»B/)«eTC« xonoAnaw Ae- 
4»opMaui«^A. HanpiAMep BOAOMenvte m npoicaTKa 
Tpyb, xviMwsecKa« o6pa6oTKa. tepMMM«cica» 
o5pa60TKa a^» ch^^tmr ocraTOMHwx Hanpflxe- 
Hnti« B03MMicaK)iuvix B pe3y/^bTaT6 Ae4>opMa- 
n npo4»inMpOBaHMfl mbtoaom natcaTXii. 
W38ecT3H cnaco6 naroTOa/ieMMP Tpy6 c 
npoAonbMb^MW ro4>paMM nyreM AayxaTanHoru 
<l>opMOBaHWin TpyObi-aaroTOBKM. npwHeM hb 
nepBOM 3T^?ne ee ro<l>pMpy»OT paAwanbHUMW 
ycM/iM»MM, a H8 BTOpoM 9Tane Oe^KMMaiOT B 
npo4>w/»*ipoDaMHOM ao/ioxe. 

OAHaico eoauMxaioiuMe e peay/ibTare 
cnowHO^ A^^opMaiA^H ocTdTOMHijie HsnpJiMe' 
HHn He n^ioi Aocraio^HOM nonepeMMOfi npoM- 
HOCTM. H^iann CTanoaMTCP xpynKwM h 



H6npMroA«H b KaMBcree .»j»acTwp« npvi pewOM- 
Te oGcaAHOi^ ko/iohhw a CKBa>KHHe. 

JXns\ CH«TMfl ocTBtOMHbix Manpfl:>KeMMi?t rpy- 
CunoABCpraiOTTepMWMecKO^i o6pa6oTKe - ot- 
SKwry « nenax Twna nCO-06 M/it/i r'-Q-Oy V5 
nonyveHMJl Ha tpySax okmcmoCi n/ienKw. bw- 
nonM«fcOiueM <$)yHXMwn noAMaaoMHoro nOKpw- 
TM9 M o5noAaioiue(^ AOCTaro^Hovi 
nopMCTOCTbK) w aACop6unOHHOi^ cnoco5Ho- 

CtbtO K CMBSXe. 

MSBecreM laiciKe cn0co6, npw kotopom 
TOHKCJCTCMMwe npo<J)M/ibHbie Tpy5w npas9T 
pacTBxceHMeM m pa3A3Me« c MarpeaoM na ancK- 
TporepMWMecKOM o6opyA0e6HMn. CnaMona 3a- 
rOToeicy Tpy6w HarpeaaiOT TOKawn 
conpOTHBnoMMPi AO TBMoepaTypb* omwra* a 
aarcM txocne oxnaxAeHu* pa3AaK>r npn homo 
uiM KOHUMecKov^ onpaeKn. 

HaaoCTaTOic cnoco6a aaxji^osaeTCP ft tom. 

HTO npH H3n03KeHWV1 flABCTWpft H3 MBOTOXO^eH- 

HbiX TDV6 'Moy«iii opowcxOAwTb paapwa no 
opCKj^n/ibHO^ oOpaByK^mev^. 3 npw «ano>KeMMn 
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nAacTwpf* M3 oTOJK>*^eHHbix ipy5 c nocnewK)- 
mwM ro4>pKP08aMMeMMo;>KeT rponcxo/iMTbo5' 
pa308aMwe.M(/>»cpoTpemMH bo enaAi^nax m na 
Bwcrynax opoAOflbHwx ro4>P npw AC<t)OpMaum^ 
MX AO UMAnviAPMHecKOi^ (J)opMfcK KOPAa ee nnoT- 
HO npn)KMMaioT (HaKaTbieajoT) 4opHnpy»oiuev^ 
fonOBKO^^ K BHyipeHHei^ noeepxHOCtvi obca^- 
HoC\ KQ/iOHMW. B pesy/itrare ne o6ecneMMoa- 
ercj* HaaeM(HOCTb repMeTwaauMw wa-aa 
HM3K0W n/»8CTM4HOCTVi MCTanna ro<t)pwpoeaH- 
HOro n/iacTwp«. 

UeAbio n306peTehMn jib/iagtc« noBbJiue- 
Hwe HaAe)KHOcTM repMeTMsauMw o6ca>«eHMOi^ 
cKB3>Kw^HU nyreM nOBbiuaeHnw nnacTtmHOCTw 
Meranna n/jacTwpa, 

CytuHOCTb MaoSpereHUfl laKnio^aeTc^ b 
TOM. STO TepMOo6pa6oTKy TOKaMU ewcoKoPi Ma- 
CTOTbi ocvmeCTB/}««>T nocne ro(t>pwpooaHk»fl, a 
.aareM nosropHO naHOCPT CMaaoMHui^ cnov\, 

B peaynbTare aHaKonepewenHbix Ae<I)Op- 
MauMft. KQTopwM noABepraeicw MCtanna Tpy6 
npw ro<)>pfc^.pOBaHMii kaK b npouecce v^^roTOB- 
/teHvifl nnacTbipeii. TdK n npw paaAa^e a npo- 
uecce ycraMOBKi^ 8 CKeaxuHax. npOMCKOAWT 
3HaMviTe/ibHoe ynpOHHenne Meia/ina. npnMCM 
Havi6onbUjne awaMeHHj; ynpOMHenviw npwxoA- 
»TC« Ka BnaAMHbi ro^ipwpOBaHHbix rpyS. 

l43MerieMvie tbcpaoctm (Hv) cram MapKM 
10 npM TepMOo6pa5oTKe. ro^puipOBaHwn vt 
pasAa^e nAaCTbtp« noKaaano s Ta6/iMu€. 

i/l3 Ta6nviubi BMAHO. MTOToepAOCTb Mexa/i- 
na nnacTb»p« noc/ie paaAaMU a o5caAHOi?» Tpy- 
68 AOCTuraer HawSoAuujMx anaMeHMpi, ec/iM 
n/iacTwpb M3roTa8HM6aAC5i m3 HeTepMOo6p3- 
eoTaHHoCi Tpy6w. flpn waroTOBneHUVi nnacTW 
pew H3 npeAsapMre/ibHO T6pMoo6pa6oTaMHbix 
Kpyr/ibix TpyO npn ro<t)pvtpoBaHviiA reepAOCTb 
MBCKOfibKocHUPKaeTCfl no cpaBHeHnK) c Hcxep- 
MOo6pa6oTaHHbiMM aaroTosKaMifl. ho nocne 
pa3A3*^»^ TBopAOCTb B03pacTaer homtm ao toCi 
jKQ BeAMMMHbi: MTO w 6e3 TepMOo6pa6oTKM. Ho- 
cne TepMMHecKOi;^ o6p35oT»cn ro({)pMpoBaHMbix 
Tpy6 c MarpeBOM roKaMw bwcokom Macxoiw 
TBepAocTb wx cHu»)KaeTCH 3Ha4WTenbH0, a no- 
c/ie pasAtiHM oHa wewbuje. mcm y MeTepMOo6- 
pa5otaHHbix. 

B oTjiMMwe OT ncMMoro raaoooro na- 
rpeaa npn o6pa5oTKe aaroTOBKw TOKaMw bwco- 
KOA MacTOTw npovicxoAMT He3Ma4viTenbH0e 
M3MeHeH\<e <J)opmw ee npo<}>v»iifl. Ha noeepxHo- 
CTvi ipy5w o6pa3yeTCfl iohkvs^ cno« oKanwHW, 
KOTOpbivi'He oTcnawBaeTcfl b fjpouecce Ae<t>op- 
MauMM - pasAaMM. CMaaoMHwuj cnow naHOCWT- 
CP Ha BHyTpcHMiOK) noaepxMOCTb 
oTO)K)KeMHwx npoAOHbHO-ro^^pv^poBaMMhix 
Tpy5 nocne i^xoxnaxAeHMw. Oh npeAOxpanncT 
BMyrpeMKKDio noBepxMocTb ot KOppoanOHHOf o 
paspyujCHMji B npouecce aKcn/iyaiauviiivicHvi- 
jxenMR occobix ycM/ii^M B npouficce paaAaMM 
nnaCTwpfii^. 



n p vt M e p /Inn peMOnra oGcaAnovi ko- 

8 MM n/iaCTbipb M3roraBnneaK)T ii3 TOMKOCTen- 
HOM Tpy6bi fl»/«aMerpOM 130 mm c to/iuumhoA 
5 creHKn 3 MM M3 CTann Map»;ti 10. flnnna TpySw 
9-11.5 M. 

Ha BHyrpeHHioio noaepxHocTb Tpy6w na- 

HOC«T C/IOVI rpa<t>HT0B0M Mnvi APy^OM CMaSXM. 

npeAH33HaHCHHO»?i Ann cHu^eHi/in ycn/ruM voip- 
10 pwpoBaHMfl. ro<t3pwpo6aH«e MMnwuApwHecxot^ 
tpyObi npon3BOAJ*T na cneuvianbHoPi ycraHOB- 
xe Mepea po/iMK06yK> ro/iOBKy c BHyipeHHeM 
npo<{>iiAbHoCi onpasKOi^. nonyMaerCR npOAonb- 
HO-ro4)pMpOBaHHa« Tpy6a c Hapy^KHWM A^a- 
15 MeipOM 1 1 6 MM M MucnoM rocpp 6 n/)vi 8. SaieM 
npon3BOAnTCfl pwxTOBica ro<|)ptnpoBaHHOt?i Tpy- 
Ow nocne oTpeaxw ee na saaaHHyjo A^^"»y- 

SareM npon360Ai^TCR repMUMecKaw o6p3- 
6oTKa npOAOiibHO'ro<|>pMpOBaHHOM rpy6w - 
20 HopMa/ivisaUMfl c HarpeaoM ToxaMw bwcokoi^ 
MacTOTb! Ha ycTanOBxe BMI' 30/6. Hpvi atoM 
npoAonbHO-ro<ppvipOBaHHa« rpyGa ycTaHaa- 
/iMBaeicn ropvi30Hia/ibno na po/inKOBbix ono- 
pax n c onpeAsneHHOut cKopocxbH) 
25 npoAov^raeTCfl sepea wHAyKTOp, 

Oxi)a>KAeHMe Tpy6bi npoM360AWTC« na 
B03AVxe. CMaaxa. *coTopa« 6bina HaHecena ne- 
peA ro4>pMpoBaHMeM, Bbtropaei, 

Tax xax b cxoaKune npn ycTanoBKe nna- 
30 CTbipw B. iiHTepaane penOHja opowi3BOAi^TCi? 
paaAa^a nnacrwpfl Ao tcpyr/iOvH <t>opMbi m npw- 
>caTviR K CTeHKeo6caAHOvi rpyGw. to npw 3tom 
B03HMKa»0T 60AbUJt^e KOHTaxTHbie HarpyaKu 
Me>KAy n/iacTwpeM n wHcrpyMeHTOM aa« paa- 
35 AaMU, ^i/iB CHvixeHw« stmx Harpysox na BHyr- 
peHHioJO noBepxHOCTb nnacrwpn naHOCMTCft 
BTopimHo CMaaoMHbiM cnoPi, KOTOpwvi c/iy)KwT 
KflK A/ifl chvi;KeHWfl ycuinuiU. BoaHMxaiovuwx npw 
pa3Aa*^0 n;i3CTbip«, tbk m aas npeAOxpaHeHna 
40 3ToOi noeepxHocTM OT KoppoauoHHoro paspy- 
uienm o npouecce 3KcnnyaTauvtM. 

CoMeiaHHe repMviMecxoit o5pa5oTKn nna- 
CTWpeCi nocne ro^jpt^poeaHnfl w Ha^f^ceHtAe 
cwaaoMHoro cnofl na enyTpeHHioio noae^x- 
45 MOCTb nocne lepMimeCKOft o6pa6oifXM noaao- 
/i«K)T noBwcMTb nnacTuiMHOCib Mera/ina 
nnacTwp oSecnennTb GnaroAapn atOMy na- 
Ae>KH0CTt> repMetnaaunn peMOHTv/ipyeMO!?i 

' CKBa>KHHW. 

50 

ct> opMyAa M3o6peTeHi/i« 



Cnoco6 w3f0T0BneHM» fo<^pMpoeaHHo^o 
cranbHoro nnacTwp«. npenMyLuecToeHHO anf^ 
55 peMOHta o5c3>KeHHOi?k cxsa^i^Hbi. bk/i»om3>o- 
lUHM TepMOo6p3GoTKy aaroToaxM, HaneceHMe 
CMaaOMHoro cno^ na BHyipenHJOK) nOBepxnocrb 
aaroTOBKM n ee roci^pv^.pOBaHwe. o t n w h a »o m m 
c fl TCM. ^rro. c ue/ib»o noBbiujCMHw HaAe>»cH0CTu 
repMexn33UMii o6ca>KeHHort CKanxnttw nyrew no 



5 



1749267 



6 



BUiueHMR nnacTMHMOCTM Meranna n/i8CTwpti. ocyiuecrensiOT nocjie ro4>rMpoeaMMj>. a sareM 

TepM006p»60TKy TOKaMM DbiCOKOA MaCTOrU nOBTOpnO HaMOCHT CMa30««i-.bll^ cnovt. 



HMe MaTcp^a/ia 




BmA 06D860Tt(»4 




Ao ro<)>pMpoBaHMfl 


riocne ro<>p«po* 1 
BaHHn 


TepMOo5pa5oTKQ 
nocne ro<>pHpo83r 
(HOpManM3d- 
Umr) c HarpeeoM 

TDKSMM BWCO- 
KOM MaCTOTblJ 


noc/te pa^Aa**^^ 


Bea TepMOo6pa- 
60T1CH 


1570 


1750 




2020 


C xepMooOpaSoT- 


t350 


1660 




1966 


60T1CM 


1570 


1750 


1350 


1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the fonction 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the aimealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made fi-om unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to fiimace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example, For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
1 0 steel Tube length is 9-1 1 .5 m 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 

well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distiuguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[tabic under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
ft-equency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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